INTRODUCTION
Biliary atresia (BA) is characterized by inflammation and progressive fibrosis of the biliary tract, resulting in flow obstruction, persistent cholestasis, and secondary cirrhosis (1) . It is a disease of unknown etiology with an incidence of 1:3.125 to 1:18.000 live births (2, 3) . BA is the most common cause of obstructive jaundice in the first three months of life (4) and most frequent indication for pediatric liver transplantation (5) . Serum bilirubin levels in the postoperative period are excellent predictors of long-term native liver survival (NLS). A good prognosis is expected with levels <1 mg/dL, three months after a Kasai procedure and is associated with lower transplantation rates. While liver cirrhosis develops progressively in jaundiced patients, in anicteric patients secondary biliary cirrhosis evolves slowly (6) . Approximately 10%-20% of patients with BA have congenital malformations including thoracic and abdominal heterotaxy, polysplenia or asplenia, intestinal malrotation, and preduodenal portal vein (7) . The presence of malformations has been associated with poor surgical outcomes (7, 8) . Several studies have investigated the association between liver histological findings and clinical outcomes, but with discordant results. Some describing outcomes associated with the progression of fibrosis (9) (10) (11) , whereas others determining that only ductular proliferation (12) , giant cell transformation (13) or ductal remnants
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BASM refers to the presence of one or more of the following findings: polysplenia, abnormal abdominal situs, intestinal malrotation, abdominal vascular abnormality, or congenital heart disease. The steroid therapy used was a five-day methylprednisolone or prednisolone regímen (10, 5, 2.5, 1.25, 0.75 mg/Kg/day or 4, 2, 1, 0.5, 0.25 mg/Kg/day). Early postoperative complications occur up to the seventh postoperative day and may be clinical and/or surgical. Clinical causes include: infection, acute renal failure, seizure, ascites, upper digestive hemorrhage, and liver failure, among others. Surgical causes were intestinal obstruction, sinus, and dehiscence. The diagnosis of post-Kasai cholangitis, up to six months after the procedure, was based on criteria used by Lien et al. (17) : unexplained fever (body temperature >38ºC), acholic feces, increased jaundice, or positive hemoculture.
Laboratory variables
Albumin (>3. 
Histopathological variables
Histopathological analysis of liver biopsy slides was carried out by two pathologists from the Pathological Anatomy Service of the HC-UFMG, blinded to patient data and date of examination. Liver fragments were fixed and processed according to routine histological techniques until paraffin embedding. Five sections with a thickness of 5.0-7.0 μm were stained with hematoxylin and eosin (HE), Gomori or Masson's trichrome, Picrosirius red (PSR) and periodic acid-Schiff (PAS) both with and without diastase treatment.
The degree of fibrosis, the presence or absence of cirrhosis and the inflammatory activity were assessed by Metavir (18) and Ishak (19) scores. Giant cell transformation and biliary plugs were categorized as absent or present. The lobular hepatic architecture was classified as preserved, partially subverted, or subverted. In the porta hepatis, the ductal remnants were measured in micrometers and the largest measurement was obtained by calculating the average between the greater diameter and its opposite length in a straight angle. This measurement was studied as continuous and dichotomized variables as <150 or ≥150 micrometers (20) . The largest diameter of the ductal remnants of the porta hepatis was measured separately by each investigator, using the same model of Leica microscope and lenses. Needle and wedge biopsies were adequate when at least ten portal tracts were identified.
The variables studied were associated with the presence or absence of biliary flow, which was defined as a serum bilirubin <2 mg/dL, six months after the surgery (21) .
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences, version 20 (IBM, Armonk, New York, USA) and MedCalc, version 16.8.4 (MedCalc Software bvba, Ostend, Belgium). Quantitative data were described by average and standard deviations when a normal distribution was verified by the Shapiro-Wilk test or median values (Q1/Q3) in the absence of a normal distribution. Qualitative variables were described by absolute frequencies and percentages. Non-normal distributions were compared between two independent groups using the MannWhitney test, the Student's t-test was used to compare averages with a normal distribution, while the asymptotic Pearson's chi-square test was used to compare categorical variables.
Receiver operator characteristic (ROC) (22) curves were built using age at surgery and the larger duct diameter of porta hepatis against the biliary flow. The area under the ROC (AUROC) curve determined the degree of discrimination: 1 perfect, 0.90-0.99 excellent, 0.80-0.89 very good, 0.70-0.79 good, 0.60-0.69 moderate, and <0.6 poor (23) . The discriminatory cut-off point was determined as the best relationship between sensitivity and specificity.
Reliability analysis was carried out using Cohen's kappa coefficient for categorical variables and Bland-Altman plot analysis, and the intraclass correlation coefficient (ICC) was used for quantitative variables. Cohen's Kappa coefficient determined the extent of agreement between observers for the histological analysis of surgical biopsies. In this regard, the Landis and Koch (24) score was used: <0 poor, 0-0.19 negligible, 0.2-0.39 low, 0.4-0.59 moderate, 0.6-0.79 high, or 0.8-1.0 almost perfect. The ICC correlation was stratified as follows (25) : <0.4 poor, ≥0.4 and <0.75 satisfying, or ≥0.75 excellent. Results with P<0.05 were considered statistically significant.
Analysis of the association between the study variables and the presence of biliary flow was performed using the logistic regression model. First, univariate analysis was used to describe isolated relationships of intervening variables and the presence of biliary flow. Variables with P<0.20 and less than 20% of missing data were candidates for multivariate logistic regression. Multivariate models were adjusted in each stage by removing the variable with the highest P-value until a final model was reached in which all variables were statistically significant (P<0.05). The adjustment quality of the logistic regression was verified by the Hosmer and Lemeshow test. Survival analysis was carried out using Kaplan-Meier curves and the Cox-adjusted model. NLS was analyzed and the Log-rank or Wilcoxon curves were compared.
Ethical aspects
The Research Ethics Committee of the UFMG approved the study (protocol number 77.0.203000-09).
RESULTS

Data analysis
Between 1979-2016, 172 patients were subjected to Kasai portoenterostomy at the HC-UFMG. Of these, 55 (32%) were excluded because their biopsies were not available or the material was not suitable for review. Ultimately, 117 patients, 62 (53%) females and 55 (47%) males were identified. The median age at surgery was 81 days (Q1/Q3=64.5/105), wherein 71/117 (60.7%) patients underwent surgery when aged <90 days old and 39 (33.3%) had biliary flow. The AUROC curve regarding age at surgery and biliary flow was 0.658 (95% CI 0.559-0.757), P=0.005. The cut-off point for age at surgery was 90 days (sensitivity [48.7%] and specificity [74.4%]).
Of the 117 patients, BASM was observed in 14 (12%) infants and 62 (53%) received steroid therapy after hepatoportoenterostomy. Early postoperative complications were observed in 71 (60.7%) patients and the most common were infection (38.5%) and ascites (19.7%), surgical complications occurred in 17 (14.5%) patients and 71% had at least one episode of cholangitis. 
Univariate analysis to predict the absence of biliary flow
Age at surgery >90 days was shown to be associated with a statistically significant absence of postoperative biliary flow (P=0.035). Sex, laboratory findings on admission (TB and DB, aminotransferases, GGT, albumin and AP), postoperative complications, corticosteroid therapy, cholangitis, and BASM were the clinical and laboratory variables that were not found to be associated with biliary drainage (TABLE 2) .
Analysis of histological variables revealed that liver architecture, caliber of the largest ductal remnant of the porta hepatis, fibrosis, and inflammatory activity according to both Metavir and Ishak scores, biliary plugs, and giant cell transformation were not associated with biliary flow (TABLE 3) .
Multivariate analysis to predict the absence of biliary flow
Age at surgery, albumin, postoperative complications, BASM, liver architecture, diameter of the canaliculus, and cirrhosis according to the Ishak score were the initial variables for the multivariate analysis. Age at surgery older than 90 days (P=0.035, OR 2.49, 95% CI 1.07-5.79) was isolated in the final logistic model as a predictor of absent biliary drainage.
Survival
NLS was 59.5%, 48.6%, 33.2%, and 25% in 1, 2, 5 and 10 years, respectively. Univariate analysis showed that the absence of biliary flow, age at surgery >90 days or the presence of BASM alone, could predict the need for liver transplantation or death (FIGURE 1). 
DISCUSSION
The patient's age at the moment of the Kasai procedure is a main predictor of the effectiveness of the procedure (8) . A Japanese study with 242 patients subjected to the Kasai procedure demonstrated an inverse correlation between age at surgery and the rate of jaundice improvement. All patients who had surgery <30 days of age achieved a jaundice-free status. Meanwhile, only 7.7% of patients achieved biliary drainage when subjected to surgery between 121-150 days of life (26) . Biliary drainage and a high percentage of anicteric patients may result even when surgery is undertaken after 60 days of age, with excellent results until 80 days and worsening outcomes for surgery in infants aged >100 days (27) . A study of 735 patients after Kasai hepatoportoenterostomy, alleged that the biliary flow is not closely related to age at surgery when the procedure is carried out at <90 days of age, but there is a decrease in biliary flow in children operated after this age (28) . Herein, age at surgery <90 days was the only independent variable associated with the presence of biliary drainage. Nevertheless, when comparing patients operated at <60 days of age to those between 60-90 days, no statistically significant difference was observed regarding biliary flow (P=0.656). These findings may reflect the heterogeneity and the multifactorial nature of BA, in which the deleterious effect of age at surgery becomes more obvious after a certain time threshold, for example 90 days.
Only one-third of patients achieved biliary drainage, a rate that is lower than that described in France (8) (38%), the Netherlands (29) (36%), the USA (7) (45.6%), and Japan (28) (57%). In our sample, the lower percentage of patients who achieved biliary flow may be explained by the higher-than-average median age at surgery of 81 days. Studies from other countries differ regarding this variable: 54 days in the United Kingdom (30) , 57 in France (31) , 68 in Switzerland (32) and 61 days in the USA (33) . Reasons for this discrepancy include misdiagnosis by the primary care pediatrician, who oftentimes manages an infant with cholestasis as physiologic or breast-milk jaundice and delays the patient's referral to a tertiary center or a propaedeutic evaluation delay due to institutional policies, especially in the first years of our working group.
To explain the different surgical outcomes associated with the achievement of biliary flow, several studies have investigated the relationship between the lumen diameter of the remaining bile ducts of the porta hepatis and the outcome after portoenterostomy. A better biliary drainage and clinical course was observed in patients with a ductal lumen ≥150 μm and in those with multiple or single ductal structures measuring <150 μm when compared to those who did not have the same ductal structure (20) . A good biliary flow in the postoperative period and a sharp decrease in the levels of serum bilirubin was reported in patients with BA with ductal structures of 300-500 μm in diameter, whereas the biliary flow was scarce and jaundice was persistent among those with a ductal lumen of <150 μm (34) . Conversely, but in accordance with this study, other authors have not observed any correlation between the caliber of bile ducts in the porta hepatis and the success of portoenterostomy in establishing biliary drainage (35, 36) . Different cut-off points for the size of the ductal remnant, technical difficulties associated with its measurement, and the emphasis in the larger diameter of one single duct rather than the average of all observable ducts, could explain these contradictory results and constitute a limitation in the reported studies.
Reports of NLS rates are highly inconsistent and vary in the short term (1-3 years) between 20.3%-75.8%. Long-term results were similarly variable, ranging from 24%-52.8% in 10 years (37) . Herein, the NLS rates were found to be within these values. Biliary drainage and age at surgery are the most commonly studied variables to explain these results.
Our study shows that biliary drainage was an independent factor for higher NLS rates. Schneider et al. concluded that patients with TB <2 mg/dL in the third month after the Kasai procedure had a 2-year NLS of 86%, whereas those with TB >2 mg/dL had a 2-year NLS of only 20% (38) which are very similar to those found in the present cohort. Thus, a dosage of TB <2 mg/dL between the third and sixth month of the postoperative period may be a good predictor of better results after portoenterostomy. Furthermore, the presence of biliary flow after the Kasai procedure has been described as an important variable associated with NLS (7, 29, 39) . Extrahepatic malformations have been historically described in BA and have been commonly correlated with poor prognosis (8) . The risk of death or need for liver transplantation increases 1.9 times in patients with BA splenic malformations (7) . In this cohort, the presence of BASM was associated with a lower NLS. This finding should be a warning to the hepatologist about the prognosis after the Kasai procedure.
Previous reports have described a correlation between age at surgery and survival. An evaluation of 743 patients, showed that the 5-year NLS was 58.1% in those undergoing surgical procedures at <30 days of age and 27% in those subjected to surgery aged >90 days (40) . However, the outcome after Kasai portoenterostomy may only be partially dependent on age because despite fibrosis and cirrhosis are inevitable if the disease is not treated. The association between these histological findings and the patient's age is neither linear nor predictable and, thus, several uncertainties remain regarding the exact moment of the onset of the disease. Therefore, these reports support surgery even for patients who are >100 days of age (30, 41) . Herein, age at surgery >90 days was associated with a lower NLS only in univariate analysis. A potential explanation may be the importance of age at surgery to establish biliary drainage, which is ultimately a fundamental variable for a higher NLS.
Many histopathological variables have been evaluated in the attempt to predict survival. The intensity of liver fibrosis, a main indicator of disease progression, is the most analyzed histological parameter (16) . Fibrosis was classified according its severity into three types (mild, moderate, or severe) and showed a correlation between the intensity of the fibrosis and NLS. Infants with severe fibrosis had worse overall survival (18% at 2 years and 0% at 10 years) when compared to those with mild and moderate fibrosis (42% at 2 years and 10 years) (10) . However, other studies in accordance with our study have not found a similar association (7, 39) . Controversial outcomes may be explained by different techniques and scoring systems used to quantify fibrosis. Additionally, there are inherent difficulties in the analysis of the extent of the fibrosis, the histological sample and the staining methods used (42) . This study analyzed potential factors that could influence biliary drainage and survival. Few studies have considered this evaluation using multivariate analysis and, in most, the variable considered was survival and not biliary drainage. Nevertheless, the retrospective nature and the size of cohort of our study, justified by the scarcity of the disease and the exclusion criteria (about a third of patients were excluded), were limiting factors. Another limitation was the use of the single largest ductal remnant measurement instead of the average of all ductal remnants present in the porta hepatis. Technical difficulties in obtaining the latter measurement made us opt for the former method. Nevertheless, the strong agreement between investigators may indicate an appropriate choice of method.
CONCLUSION
We conclude that age at surgery >90 days was an independent risk factor for the absence of biliary flow. Furthermore, the presence of biliary drainage and the absence of structural malformations are important factors for a higher NLS. Altering disease evolution of infants with malformations in impossible; however, the possibility of becoming anicteric may increase by an early Kasai portoenterostomy.
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